Introduction
============

Chronic liver diseases are major global health problems causing approximately 800,000 deaths per year worldwide.[@b1-bmi-7-2012-105],[@b2-bmi-7-2012-105] Liver fibrosis is the common pathologic process of all chronic liver diseases, regardless of the cause, which results from excessive accumulation of extracellular matrix.[@b3-bmi-7-2012-105],[@b4-bmi-7-2012-105] Liver fibrosis may progress to cirrhosis and eventually death. However, increasing evidence suggests that even advanced fibrosis is reversible,[@b5-bmi-7-2012-105] although end-stage cirrhosis is irreversible and affected patients can only survive with a liver transplant. Estimating the current degree of fibrosis is crucial for determining whether the fibrosis could be reversed with treatment.

Liver fibrosis evaluation methods can be divided into those that are invasive and those that are non-invasive.[@b6-bmi-7-2012-105] Liver biopsy is an invasive method that has long been regarded as the 'gold standard' for staging liver fibrosis. Biopsy allows physicians to obtain diagnostic information not only on fibrosis, but also on many other liver-injuring processes, such as inflammation, necrosis, steatosis and hepatic deposits of iron or copper.[@b7-bmi-7-2012-105] However, several issues prevent the routine use of liver biopsy as a clinical tool, including risk of injury to the patient, variable accessibility of the damaged section of the liver, high cost, sampling errors and inaccuracy due to inter- and intra-observer variability of pathologic interpretations.[@b8-bmi-7-2012-105]

Non-invasive methods include serum and genetic tests, and imaging techniques. In recent years, interest in identifying and describing liver fibrosis using molecular serum markers has been on the rise. Serum markers offer a cost effective alternative to liver biopsy for both patients and clinicians. In addition to being less invasive, there is a low risk of sampling error and small observer-related variability. Moreover, measurements may be performed repeatedly over time, allowing for ongoing monitoring of fibrosis.[@b9-bmi-7-2012-105] However, there are many limitations for serum biomarkers. They are not liver-specific and have a tendency to be more elevated in the presence of inflammation. In addition, serum marker readings may be falsely high due to their low clearance rates, which are influenced by dysfunction of endothelial cells, impaired biliary excretion or renal function. Until now, most serum biomarkers have only been used as investigative, rather than diagnostic, parameters in the clinic.[@b10-bmi-7-2012-105] This review describes major molecular serum markers of liver fibrosis and their limitations.

Classifications of Serum Markers
================================

No biomarkers are currently available to replace liver biopsy in the evaluation of liver fibrosis. One possible reason is an imprecise and confusing classification of potential biomarkers. Most commonly, fibrosis biomarkers are classified in one of two classes. Class I fibrosis markers are direct serum markers, which are molecules derived from ECM turnover reflecting the activity of the fibrotic process, and are thought to indicate the extent of connective tissue deposition. Class II biomarkers are indirect serum fibrosis biomarkers that have been used in clinical practice, and have been identified from retrospective studies. They are calculated by mathematical algorithms, and do not necessarily reflect ECM turnover and/or fibrogenic cell changes.[@b11-bmi-7-2012-105] A disadvantage of this second classification is that it does not provide information about the potential clinical use of the individual serum biomarkers that were used in the algorithm, nor does it go far enough in terms of recognizing, differentiating and understanding them.[@b12-bmi-7-2012-105]

Hepatic Fibrogenesis and its Molecular Serum Markers
====================================================

Mechanisms of hepatic fibrogenesis
----------------------------------

Liver fibrosis is the final common stage of most chronic liver diseases, which is triggered by chronic liver injury and develops from a series of events including apoptosis or necrosis, inflammation, tissue remodeling and repair processes. Hepatocytes are the most abundant cells in liver. Their apoptosis is prominent in liver injury and can be identified in virtually all forms of liver injury.[@b13-bmi-7-2012-105]--[@b19-bmi-7-2012-105] Some proteins are released from damaged hepatocytes and their levels in serum can reflect liver function. After liver injury, the repair process occurs, which can take either of two distinct paths: a regenerative path, in which injured cells are replaced by the same type of cells; or a path known as fibroplasias or fibrosis, in which connective tissue replaces normal parenchymal tissue in an uncontrolled fashion. Repeated injury and uncontrolled repair processes result in substantial deposition of extracellular matrix (ECM) components in which normal tissue is replaced by scar tissue.[@b20-bmi-7-2012-105]--[@b23-bmi-7-2012-105]

Basic research has explored the mechanisms of hepatic fibrogenesis, as shown in [Figure 1](#f1-bmi-7-2012-105){ref-type="fig"}. Hepatic stellate cells (HSCs) are the key fibrogenic cells and their 'activation' is the dominant event in fibrogenesis. Activation of HSCs refers to the conversion of quiescent, vitamin A-storing cells into proliferative, fibrogenic and contractile myofibroblasts which can synthesize and secrete large amounts of fibril-forming collagens, particularly collagen type I and III.[@b5-bmi-7-2012-105],[@b24-bmi-7-2012-105] The activation of HSCs is a complex but tightly programmed response to liver injury. The earliest changes in HSCs reflect paracrine stimulation by all neighboring cells, including Kupffer cells, hepatocytes and leukocytes, while autocrine cytokines (including transforming growth factor β (TGF-β) and connective tissue growth factor (CTGF)) play vital roles in regulating and maintaining their activation.[@b25-bmi-7-2012-105],[@b26-bmi-7-2012-105] Damaged hepatocytes release cytokines (TGF-β, tumor necrosis factor α (TNF-α), epidermal growth factor (EGF) and insulin-like growth factor (IGF)) responsible for the activation of Kupffer cells and the recruitment of activated T-cells. Activated Kupffer cells, T-cells and damaged hepatocytes also release the inflammatory cytokines (TNF-α, interferon γ (INF-γ), IL-6), free radicals and growth factors (platelet-derived growth factor (PDGF), CTGF) which further promote HSC activation and proliferation. Since the cytokines are closely related with fibrogenesis, they possibly could be used as biomarkers for liver fibrosis.

Liver fibrosis is characterized by excessive ECM accumulation which results from both increased synthesis and decreased degradation of ECM. Initiating events in stellate cell activation occur in the background while progressive changes are taking place in the surrounding ECM within the sub-endothelial space of Disse. Over time, the sub-endothelial matrix composition changes from one comprised of type IV collagen and laminin to one rich in fibril-forming collagens, especially collagen type I and III.[@b4-bmi-7-2012-105] The pro-peptide or the mature protein of collagen types I and III can be used as biomarkers for liver fibrosis. There are two kinds of ECM degradation during hepatic fibrogenesis. One involves the basement membrane (comprised of collagen type IV) and is called pathologic matrix degradation.[@b5-bmi-7-2012-105] Thus, the protein fragment (a neo-epitope) of matrix degradation could be used as a biomarker for liver fibrosis. The other type involves excess fibril-forming collagen and is called restorative matrix degradation.[@b5-bmi-7-2012-105] In the extracellular space, matrix degradation occurs as a consequence of the action of a family of enzymes called matrix metalloproteinases (MMPs). The active forms of these MMPs can be inhibited by tissue inhibitors of matrix metalloproteinases (TIMPs), which are important regulatory molecules in tissue remodeling and repair and act by binding with MMPs. Through this combination of mechanisms, extracellular matrix degradation is closely regulated.[@b27-bmi-7-2012-105] Activated HSCs also produce MMP-2, MMP-9 and MMP-3, which disrupt the basement membrane, allowing inflammatory cells to be easily recruited to the site of injury.[@b23-bmi-7-2012-105],[@b28-bmi-7-2012-105]--[@b32-bmi-7-2012-105] The levels of MMPs and TIMPs are closely related to liver fibrosis and could possibly be used as biomarkers for liver fibrosis.

These events of pathogenesis of hepatic fibrosis have indicated some potential serum markers of hepatic fibrogenesis and fibrosis ([Fig. 1](#f1-bmi-7-2012-105){ref-type="fig"} and [Table 2](#t2-bmi-7-2012-105){ref-type="table"}).

Potential molecular serum markers of liver fibrosis
---------------------------------------------------

### Serum markers of liver function

Since fibrosis is the result of liver injury, serum markers of liver fibrosis could indicate the degree of liver damage and function. These markers are easy to measure as they are based on routine laboratory tests conducted in a hospital. Serum alanine aminotransferases (ALT) are released from liver tissue into the circulation in proportion to the degree of hepatocellular damage,[@b33-bmi-7-2012-105] and their level is thought to be one of the most sensitive markers of liver injury and liver disease progression.[@b34-bmi-7-2012-105]--[@b36-bmi-7-2012-105] Serum aspartate aminotransferases (AST) levels are even more important predictors of histological activity than ALT,[@b37-bmi-7-2012-105],[@b38-bmi-7-2012-105] and the ratio of AST/ALT \> 1 (AAR) has been proposed as a test of cirrhosis.[@b39-bmi-7-2012-105],[@b40-bmi-7-2012-105] However, the diagnostic accuracy of this ratio is highly variable among different studies.[@b41-bmi-7-2012-105]--[@b43-bmi-7-2012-105]

### Serum markers of ECM synthesis

Liver fibrosis is associated with major alterations in both quantity and composition of ECM.[@b44-bmi-7-2012-105] In advanced stages, the liver contains approximately 6 times more ECM components than normal, including collagen type I, III, and IV, fibronectin, undulin, elastin, laminin, hyaluronan, and proteoglycans.[@b1-bmi-7-2012-105] Therefore, some parameters related to elevated ECM synthesis could be used as markers of liver fibrosis.

Collagens are synthesized by HSCs as precursor molecules with large pro-peptide extensions at both the N- and C-terminal ends.[@b45-bmi-7-2012-105] The mature pro-peptide are cleaved from pro-collagen by N- and C-terminal proteinases, and the mature collagen is then integrated into the ECM. Both the pro-collagen and the pro-peptide reflect the synthesis of ECM. The N-terminal pro-peptide of collagen type III (PIIINP) is the most widely studied marker of liver fibrosis.[@b46-bmi-7-2012-105],[@b47-bmi-7-2012-105] It is useful to detect cirrhosis with a sensitivity of about 94% and specificity of about 81%, which can be increased up to 93% if combined with additional serum markers.[@b48-bmi-7-2012-105] PIIINP has achieved a limited clinical application, but not widespread acceptance.[@b49-bmi-7-2012-105] In chronic hepatitis C (CHC) patients, PIIINP levels have not been shown to correlate with the degree of fibrosis but do correlate with scores for necrosis.[@b50-bmi-7-2012-105],[@b51-bmi-7-2012-105] PIIINP levels are known to be elevated in acute and chronic active hepatitis and correlate with aminotransferase levels.[@b52-bmi-7-2012-105],[@b53-bmi-7-2012-105] However PIIINP is not specific for liver fibrosis as its levels are also elevated in lung fibrosis, chronic pancreatitis and rheumatoid arthritis (RA).[@b54-bmi-7-2012-105]--[@b57-bmi-7-2012-105] Therefore PIIINP is more likely a marker of inflammation than of fibrosis.

Type IV collagen is regarded as a putative marker of basement membrane formation and sinusoids capillarization, which are important pathological processes in fibrosis disease. The serum levels of type IV collagen can be used for predicting the state of liver fibrosis,[@b58-bmi-7-2012-105],[@b59-bmi-7-2012-105] and they are also increased in alcoholic liver diseases and in hepatocellular carcinoma.[@b60-bmi-7-2012-105] P4NP 7S, the N-terminal pro-peptide of type IV collagen 7S domain, is significantly elevated in rats with liver fibrosis detected by histology in the bile duct ligation (BDL) and carbon tetrachloride (CCl~4~)-induced liver fibrosis models, and is correlated with increased hepatic type IV collagen expression in BDL rats.[@b61-bmi-7-2012-105] The N-terminal pro-peptide of collagen type I (PINP) has been shown to be associated with the development of liver fibrosis, but not bone formation, in adult rats subjected to BDL.[@b62-bmi-7-2012-105] Thus, PINP may be useful in studying the pathogenesis of liver fibrosis. However, caution should be applied when interpreting PINP levels in other disease states such as inflammation.[@b63-bmi-7-2012-105]

Increased serum levels of PVCP-1230, the pro-peptide of collagen type V, have been demonstrated to be associated with the extent of collagen deposition in two different models of fibrotic processes in the liver. The data indicate that formation of type V collagen may be of value as a disease-specific diagnostic biomarker that reflects the total burden of liver disease.[@b64-bmi-7-2012-105]

Hyaluronan (HA) is a glycosaminoglycan synthesized by HSCs and it is a component of the ECM.[@b65-bmi-7-2012-105] High levels of HA in serum may reflect increased synthesis of ECM by HSCs, and it appears to be the best individual test that reflects ECM concentration.[@b66-bmi-7-2012-105]--[@b68-bmi-7-2012-105] Since the negative value of HA in serum at a cut-off value of 60 μg/ml is much higher (98%--100%) than the positive value (61%), it can be used to exclude advanced fibrosis and cirrhosis.[@b54-bmi-7-2012-105],[@b69-bmi-7-2012-105] However, HA levels may be elevated from non-hepatic sources such as chronic inflammatory processes, as in rheumatoid arthritis, and after meal or glucose drink.[@b70-bmi-7-2012-105],[@b71-bmi-7-2012-105]

YKL-40 is a 39-kilodalton glycoprotein that is involved in remodeling of the ECM.[@b72-bmi-7-2012-105] It is claimed that the serum level of YKL-40 is closely related to the degree of liver fibrosis.[@b73-bmi-7-2012-105] YKL-40 has been tested in HCV-patients showing a sensitivity and specificity of around 80% and an AUROC of 0,81 for fibrosis.[@b74-bmi-7-2012-105] In those with alcoholic liver disease, a specificity of 88% and sensitivity of 51% have been reported.[@b72-bmi-7-2012-105] A study of YKL-40 in alcoholic liver disease has suggested that it could function as a marker of clinical outcomes.[@b46-bmi-7-2012-105] The limitations of YKL-40 persist largely due to its ubiquitous presence and therefore it cannot be considered a liver-specific marker.[@b75-bmi-7-2012-105]

Microfibrillar-associated protein 4 (MFAP-4) is a ubiquitous protein which is a ligand for integrins and plays a potential role in ECM turnover during fibrogenesis. The serum levels of MFAP-4 were detected in a large number of patients including 139 patients with different hepatic fibrosis stages on HCV infection. The results showed that MFAP-4 could be a novel candidate biomarker due to its high accuracy in distinguishing healthy versus cirrhotic livers (AUC = 0.97, *P* \< 0.0001) as well as stage 0 versus stage 4 fibrosis (AUC= 0.84, *P* \< 0.0001), and stages 0 to 3 versus stage 4 fibrosis (AUC = 0.76, *P* \< 0.0001).[@b76-bmi-7-2012-105] However, as with YKL-40, ubiquitous presence of MFAP-4 excludes its possible use as a liver-specific marker, unless changes in other related diseases are investigated and excluded.

### Serum markers of fibrolytic processes

In the fibrotic liver there is a net deposition of fibrillar matrix, predominantly of collagen type I and III. Interstitial collagenases (MMP-1 in human and MMP-13 in rat) are the main enzymes which degrade collagen types I and III through cleaving the α-chain at a specific Gly-Ile/Leu site. Circulating MMP-1 concentrations are significantly reduced, while TIMP-1 levels are higher, as fibrosis grades increase in hepatitis C in humans.[@b77-bmi-7-2012-105] However, a study performed on a rat fibrosis model showed that the level of MMP-13 did not change but remained at a constant level throughout the fibrosis regression phase, while the level of TIMP-1 decreased rapidly and significantly, indicating that TIMP-1 reduction is associated with apoptosis of active HSCs.[@b78-bmi-7-2012-105]

In the early stage of fibrosis, MMPs can degrade normal basal membranes and this may contribute to the pathogenesis of liver fibrosis.[@b27-bmi-7-2012-105] The two most relevant MMPs are gelatinase A (MMP-2) and gelatinase B (MMP-9). MMP-2 is secreted by activated HSCs, and MMP-9 is mainly secreted by activated Kupffer cells. In the progression of liver fibrosis, MMP-2 is also involved in the degradation of fibrotic matrix.[@b79-bmi-7-2012-105] Both MMP-2 and MMP-9 are correlated with fibrosis,[@b77-bmi-7-2012-105] but some studies examining the correlation of MMP-2 with chronic HCV have yielded contradictory results.[@b80-bmi-7-2012-105] The study by Boeker and co-workers[@b81-bmi-7-2012-105] shows that TIMP-1 and MMP-2 levels are accurate in detecting cirrhosis in patients with HCV (sensitivity of TIMP-1 levels, 100%; specificity, 56%--75%; AUC for MMP-2 levels, 0.97). However they are not capable of differentiating between mild and moderate fibrosis (AUC of 0.71 for TIMP-1 and 0.59 for MMP-2), therefore their clinical utility has been demonstrated only in advanced stages of liver fibrosis.

### Serum markers of ECM degradation (neo-epitopes)

ECM degradation mediated by MMPs can occur at different stages of fibrosis. In the early stage of liver fibrosis the degradation of basal membranes occurs, while the degradation of fibrotic matrix characterizes the progression of the disease.[@b27-bmi-7-2012-105] The products of degradation of the ECM, the so-called neo-epitopes, may reflect different stages of the fibrosis and thus may be used as markers.

Neo-epitopes are post-translational modifications (PTMs) of proteins generated by protease cleavage, citrullination, nitrosylation, glycosylation and isomerization. Each modification results from a specific local physiological or pathobiological process.[@b82-bmi-7-2012-105] A range of protease-generated neo-epitopes has already been described in the literature, but they have not yet been used in applied science to develop quantifiable methods of disease assessment. In the context of bone and cartilage diseases, neo-epitopes of collagen types I and II as well as aggrecan have been well described.[@b83-bmi-7-2012-105],[@b84-bmi-7-2012-105] Preliminary neo-epitopes generated during the process of liver fibrogenesis have been investigated, and have been proved to be elevated in CCl~4~-rats and BDL-rats.[@b85-bmi-7-2012-105]--[@b89-bmi-7-2012-105] The levels of the MMP-9 generated fragment of collagen type III, CO3-610, have been shown to correlate with the degree of liver fibrosis in rats during the progression phase of fibrosis, but not with the levels of total collagen during regression, indicating CO3-610 is a potential marker of progression rather than regression. The steep elevation of CO3-610 levels appeared as early as 4 weeks after initiating treatment with CCl~4~ in the rat model of liver fibrosis, following a progressive increase in total collagen and collagen type III levels.[@b87-bmi-7-2012-105] In addition, raised CO3-610 levels closely reflect portal hypertension in experimental liver fibrosis in rats.[@b86-bmi-7-2012-105] These findings underline the potential prognostic capacity of this novel marker for liver fibrosis.[@b85-bmi-7-2012-105],[@b87-bmi-7-2012-105] CO6-MMP, a collagen type VI fragment generated by MMP-2 and -9, was demonstrated to be elevated in both BDL and CCl~4~ rat models.[@b89-bmi-7-2012-105] A specific peptide sequence, 1438'GTPSVDHGFL'1447 (CO4-MMP), in the α 1 chain of type IV collagen generated by MMP-9, was significantly increased in the serum of all BDL rats compared with baseline, with a maximum increase of 248% seen two weeks after BDL.[@b88-bmi-7-2012-105] In the CCl~4~ model, levels of CO4-MMP were significantly elevated at weeks 12, 16 and 20 compared to baseline levels, with a maximum increase of 88% after 20 weeks. CO4-MMP levels correlated to Sirius red staining results of CCl~4~ induced liver fibrosis.[@b88-bmi-7-2012-105] CO1-764, a type I collagen fragment generated by MMP-2, -9 and -13 cleavage, was elevated in liver fibrosis but not in patients with prostate-, lung- or breast cancer with skeletal metastases, and appears not to be derived from bone breakdown.[@b90-bmi-7-2012-105] These data further indicate the high potential for the use of neo-epitope biomarkers specific for liver fibrosis.

Since many ECM components, as well as enzymes responsible for remodeling, are present in different tissues, further identification of liver- and fibrosis-specific neo-epitopes is needed for their optimal application in liver fibrosis monitoring, assessment and in the characterization of the pathogenesis. The proteolytic action of MMPs results in the generation of specific cleavage fragments, and different MMPs have different functions at different stages of fibrosis. Therefore, the combination of MMPs and specific cleavage products of the ECM could enhance the sensitivity and specificity of neo-epitopes[@b82-bmi-7-2012-105] and produce a more specific indication of the specific stage of liver fibrosis. The combination of serum markers of ECM synthesis and degradation, such as CO3-610 and PIIINP, CO4-MMP and PIVCP, PINP and CO1-764, can also be used to investigate the pathogenesis of different stages.

### Serum markers of fibrogenesis-related cytokines

Unregulated cytokine synthesis and release contribute to the initiation, progression and maintenance of fibrosis.[@b91-bmi-7-2012-105] Some cytokines thought to mediate hepatic fibrogenesis have been studied as potential markers of fibrosis. However, only a few studies have addressed the diagnostic accuracy of fibrosis-associated cytokines, and showed that they are less valuable markers than ECM components.

TGF-β is the major stimulus for HSCs to synthesize ECM. TGF-β concentrations in plasma are elevated in, and correlate with the severity of, liver disease and were suggested as non-invasive biomarkers of fibrosis. TGF-β has been shown to correlate well with the presence of liver fibrosis in patients with alcoholic liver disease (ALD) and HCV.[@b92-bmi-7-2012-105] However, its release is injury-dependent and correlates with ALT and AST.[@b93-bmi-7-2012-105],[@b94-bmi-7-2012-105] Therefore it was suggested as a more appropriate marker of necrosis rather than fibrogenesis. TNF-α and its induction of IL-6, -8 and -18 are associated with alcoholic fibrosis and they may also predict clinical outcome.[@b95-bmi-7-2012-105] TNF-α and IL-4 levels correlated more closely in chronic hepatitis B patients than in the controls.[@b96-bmi-7-2012-105] PDGF is a potent fibrogenic growth factor known to synergize with TGF-β.[@b97-bmi-7-2012-105] PDGF, mainly produced by Kupffer cells, is the predominant mitogen inducing migration and proliferation of mesenchymal cells including HSCs to the site of injury.[@b98-bmi-7-2012-105] Serum levels of PDGF have shown high potential as markers for fibrosis progression.[@b99-bmi-7-2012-105]

CTGF is another important fibrogenic factor which is synthesized by both HSCs and hepatocytes and is strongly dependent on TGF-β presence.[@b100-bmi-7-2012-105],[@b101-bmi-7-2012-105] CTGF is a general mediator of fibre-fibre, fibre-matrix, as well as matrix-matrix interaction. It is proposed as a fibrogenic 'master switch' in the epithelial-to-mesenchymal transition which plays a key role in the increase of ECM-producing fibroblasts during liver fibrosis.[@b101-bmi-7-2012-105] A recent preliminary study reported not only a significant elevation in circulating CTGF in patients with fibrosis, but also a correlation with fibrogenesis. This study showed CTGF levels decreased in fully developed, end-stage cirrhosis, in which the process of fibrogenesis is almost terminated. Thus, CTGF has been suggested as a valuable biomarker of active fibrogenesis. Serum CTGF is also suitable for determining hepatic fibrosis and it is a powerful marker in patients with chronic HCV infection.[@b102-bmi-7-2012-105],[@b103-bmi-7-2012-105]

Serum Marker Model of Liver Fibrosis
====================================

Currently, no efficient and accurate markers of fibrosis diagnosis, staging and prognosis exist. Numerous attempts have been made to identify non-invasive markers that are capable of providing accurate information about fibrogenesis and the extent of fibrosis in the liver, and others have examined the combination of several parameters indicating fibrogenesis. The most widely known combined parameters are discussed below.

AST/ALT
-------

AST and ALT are hepatic enzymes elevated in the blood before the clinical signs and symptoms of liver diseases appear. The ratio of these two enzymes was first mentioned by Naiki M in the study of Tyzzer's disease,[@b104-bmi-7-2012-105] and has been found useful in evaluation of chronic viral hepatitis.[@b35-bmi-7-2012-105] The ratio of AST to ALT tends to increase with advancing stages of fibrosis from approximately 0.8 in healthy subjects. The greatest value of this ratio is that it is suitable for the non-invasive diagnosis of cirrhosis, where a ratio of more than 1 suggests the presence of cirrhosis.[@b105-bmi-7-2012-105],[@b106-bmi-7-2012-105] However, the AST/ALT ratio is confounded when used in alcoholic and many other acute and chronic fatty infiltrating liver diseases.[@b107-bmi-7-2012-105] For this reason, the ratio is not recommended for evaluating the stage of fibrosis.

APRI
----

The AST-to-platelet ratio index (APRI) is calculated as (AST/upper limit of normal range)/platelet count (10^9^/L) × 100. This index was first put forward by Wai and co-workers[@b108-bmi-7-2012-105] using to identify CHC patients with significant fibrosis and cirrhosis with a high degree of accuracy. Application of this index may decrease the need for staging liver biopsy specimens among CHC patients. Several later studies in CHC showed the major strength of the APRI is that it is able to exclude significant HCV-related fibrosis,[@b109-bmi-7-2012-105] but a recent large meta-analysis suggested that APRI can identify hepatitis C-related fibrosis with a moderate degree of accuracy.[@b110-bmi-7-2012-105]

Fibrotest
---------

The fibrotest is a composite of five serum biochemical markers (alpha-2-macroglobulin, apolipoprotein A1, haptoglobin, γ-glutamyl transpeptidase, and bilirubin) associated with hepatic fibrosis developed by Posynard and co-workers.[@b111-bmi-7-2012-105] It generates a score that is correlated with the degree of liver damage in people with a variety of liver diseases. Due to the variability of components of assays and analyzers, fibrotest assays can only be performed in validated laboratories.[@b112-bmi-7-2012-105] The test has been validated by multiple groups in several liver diseases, including chronic hepatitis.[@b113-bmi-7-2012-105]--[@b116-bmi-7-2012-105] Although preliminary results are encouraging, frequently cited limitations include the assay cost, failed external validation, difficulty in differentiating intermediate fibrosis stages, and the inability to exclude other conditions such as steatosis.[@b117-bmi-7-2012-105]

Fibrometer
----------

Fibrometer is an algorithm combining a number of parameters including number of platelets, pro-thrombin time, AST, α2-macroglobulin, hyaluronate, urea and age.[@b118-bmi-7-2012-105] The performance of Fibrometer for the detection of late fibrosis was compared to five other well described algorithms in 180 hepatitis C patients.[@b119-bmi-7-2012-105] The overall diagnostic scores were evaluated by the AUROCs ranging from 0.86 for Fibrometer to 0.78 for Forns' score (not significant) for the discrimination of F0F1 from F2F3F4. For the discrimination of F0F1F2 from F3F4, the AUROC's ranged from 0.91 for Fibrometer to 0.78 for Forns' score. Furthermore, extensive fibrosis was predicted in 10%--86% of patients.

ELF
---

The Enhanced Liver Fibrosis (ELF) algorithm includes hyaluronic acid, the N-terminal pro-peptide of type III collagen, and tissue inhibitors of matrix metalloproteinase. The algorithm detected fibrosis (sensitivity, 90%) and accurately detected the absence of fibrosis (negative predictive value for significant fibrosis, 92%; AUROC, 0.804). Performance was excellent for alcoholic liver disease and nonalcoholic fatty liver disease.[@b47-bmi-7-2012-105] In a study of patients with primary biliary cirrhosis, the event-free survival was significantly lower in those with a high baseline ELF than those with a low baseline. Each 1-point increase in ELF was associated with a 3-fold increase in future complications. The researchers concluded that the ELF algorithm is a highly accurate non-invasive measure of the severity of primary biliary cirrhosis which also provides useful long-term prognostic information.[@b120-bmi-7-2012-105],[@b121-bmi-7-2012-105] In pediatric patients with non-alcoholic fatty liver disease (NAFLD), the ELF test predicted liver fibrosis stage with a high degree of sensitivity and specificity (AUROC of 0.92 for fibrosis stage 1, 0.98 for stage 2, and 0.99 for stage 3, respectively); results were superior to those reported for adults.[@b122-bmi-7-2012-105] The key components of the ELF algorithm are expressed during early stages of collagen deposition in the liver, and this is most likely the reason why ELF retains its prognostic ability even in early stages of the disease process (AUROC 0.737--0.863 at all time points). However, because the test uses direct markers of fibrogenesis (HA and TIMP-1), the results will be unreliable in patients with chronic diseases characterized by fibrogenesis in organs other than the liver.[@b123-bmi-7-2012-105]

BIPED Classification
====================

The Burden of disease, Investigative, Prognostic, Efficacy of intervention and Diagnostic (BIPED) classification ([Table 1](#t1-bmi-7-2012-105){ref-type="table"}) has been recently proposed to assess biomarkers used in clinical trials and in research and development.[@b124-bmi-7-2012-105] Classification by the BIPED system may enable biomarker researchers working in different disease areas to communicate and compare results in a robust framework. This should lead to consistency in the assessment of sensitivity and specificity of different biomarkers.

In [Table 2](#t2-bmi-7-2012-105){ref-type="table"}, the serum markers described in this review are classified following the BIPED methods.

Discussion
==========

At present, the most studied biomarkers for liver fibrosis are represented by the products of extracellular matrix synthesis and degradation, and by the enzymes that regulate their production or modification, such as hyaluronic acid, matrix metalloproteinases, their inhibitors TIMPs and cytokines such as TGF-β.

Some of the biomarkers discussed in this paper reflect fibrosis progression and others fibrosis regression, and so could evaluate different stages of liver fibrosis. Nevertheless none of these molecules completely fulfill the requirements of an ideal biomarker, mainly because of their lack of sensitivity in identifying patients with a mild degree of fibrosis but who are at risk of progression. Moreover these markers are often not specific, because they can be detected in organs other than liver and can be affected by other pathological conditions, such as renal or liver failure.[@b125-bmi-7-2012-105]

Liver biopsy is currently the 'gold standard' for assessing liver disease and fibrosis. However, it is invasive, has the potential to cause side-effects, it is subject to sample variations, and is seldom a first choice in the clinic. Use of this test could be reduced with a combination of routine laboratory tests and fibrosis biomarkers capable of accurately detecting the presence of cirrhosis. However most markers identified so far have been evaluated in only small cohorts of patients. Some assays for measuring the markers have included some subjective variables or laboratory tests that are costly and not readily available, and very few molecules have been satisfactorily validated. Therefore, neither single biomarker nor parameter can at present substitute liver biopsy.

In the clinic, most patients with chronic liver disease will progress to cirrhosis if they are not treated correctly and at the appropriate time. Cirrhosis is the end-stage of chronic liver diseases, causing increased morbidity and complications such as portal hypertension, development of esophageal varices, ascites, encephalopathy, variceal hemorrhage and hepatocellular carcinoma,[@b5-bmi-7-2012-105],[@b23-bmi-7-2012-105] and ultimately death, which only can be avoided by liver transplantation.[@b126-bmi-7-2012-105]

Routine clinical tests and inspections, such as liver function evaluation, coagulation index, blood cell counts, abdominal ultrasound and Fibroscan, are normally used to monitor and assess the state of chronic liver diseases. However, a most helpful diagnostic tool would be the one that enables the clinician to identify patients who are at risk of developing cirrhosis and cirrhotic decompensation, and need immediate treatment. The ideal tool would be a biomarker that can discriminate between the presence of mild disease, active fibrogenesis, advanced fibrosis (cirrhosis) and decompensation. Tests for the biomarker measurement should be non-invasive, easy to administer, and used repeatedly with little intra- or inter-user variation from diagnosis throughout the progression of chronic liver diseases. The protein fingerprint technology,[@b127-bmi-7-2012-105] based on measurement of neo epitopes, which are special pathologically generated fragments of proteins released during extracellular remodeling, may assist in isolating the ideal biomarker, which may be used either alone or in combination with other validated biochemical markers.
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###### 

The BIPED classification.

  ------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------------
  Burden of disease (B)          Burden-of-disease markers assess the severity or extent of disease, typically at a single point in time, among individuals with a certain disease.
  Investigative (I)              An investigative marker lacks sufficient information to allow its inclusion in one of the existing biomarker categories.
  Prognostic (P)                 The key feature of a prognostic marker is the ability to predict the future onset of a disease.
  Efficacy of intervention (E)   Information about the efficacy of treatment among persons with a certain disease or those at high risk for its development.
  Diagnostic (D)                 Diagnostic markers are defined by the ability to classify individuals as either having or not having a disease.
  ------------------------------ ----------------------------------------------------------------------------------------------------------------------------------------------------

Extracted from Bauer et al.[@b124-bmi-7-2012-105]

###### 

Molecular serum markers of liver fibrosis.

  **Marker**             **Function**                                            **References**                                                                                                   **BIPED**
  ---------------------- ------------------------------------------------------- ---------------------------------------------------------------------------------------------------------------- -----------
  *Liver function*                                                                                                                                                                                
  ALT                    Metabolic enzymes in the liver                          [@b33-bmi-7-2012-105]--[@b36-bmi-7-2012-105]                                                                     I
  AST                    Metabolic enzymes in the liver                          [@b37-bmi-7-2012-105],[@b38-bmi-7-2012-105]                                                                      I
  *ECM formation*                                                                                                                                                                                 
  PIIINP                 Propeptide of collagen type III                         [@b46-bmi-7-2012-105]--[@b48-bmi-7-2012-105],[@b50-bmi-7-2012-105],[@b55-bmi-7-2012-105],[@b57-bmi-7-2012-105]   I,D
  PINP                   Propeptide of collagen type I                           [@b62-bmi-7-2012-105]                                                                                            I
  Type IV collagen       Basement membrane formation                             [@b58-bmi-7-2012-105]--[@b60-bmi-7-2012-105]                                                                     I,D
  P4NP 7S                N-terminal pro-peptides of type IV collagen 7S domain   [@b61-bmi-7-2012-105]                                                                                            I
  PVCP                   Propeptide of collagen type V                           [@b64-bmi-7-2012-105]                                                                                            I
  HA                     Component of ECM                                        [@b66-bmi-7-2012-105]--[@b68-bmi-7-2012-105]                                                                     I,D
  YKL-40                 Glycoprotein involved in ECM turnover                   [@b72-bmi-7-2012-105]--[@b75-bmi-7-2012-105]                                                                     I,D
  MFAP                   Glycoprotein involved in ECM turnover                   [@b76-bmi-7-2012-105]                                                                                            I,D
  *Fibrolytic process*   *Neo-epitope*                                                                                                                                                            
  MMP-1/MMP-13           Degrade fibrotic matrix                                 [@b77-bmi-7-2012-105],[@b78-bmi-7-2012-105]                                                                      I
  MMP-2                  Degrades basal membranes and fibrotic matrix            [@b80-bmi-7-2012-105]                                                                                            I
  MMP-9                  Degrades basal membranes                                [@b77-bmi-7-2012-105]                                                                                            I
  TIMP-1                 Inhibits MMP-1 activity                                 [@b77-bmi-7-2012-105],[@b78-bmi-7-2012-105],[@b81-bmi-7-2012-105]                                                I
  *ECM degradation*                                                                                                                                                                               
  CO3-610                Collagen type III fragment generated by MMP-9           [@b85-bmi-7-2012-105]--[@b87-bmi-7-2012-105]                                                                     I
  CO6-MMP                Collagen type VI fragment generated by MMP-2,9          [@b89-bmi-7-2012-105]                                                                                            I
  CO1-764                Collagen type I fragment generated by MMP-2,9,13        [@b90-bmi-7-2012-105]                                                                                            I
  C4M                    Collagen type IV fragment generated by MMP-9,           [@b88-bmi-7-2012-105]                                                                                            I
  *Cytokines*                                                                                                                                                                                     
  TGF-β                  Growth factor stimulates production of ECM by HSC       [@b92-bmi-7-2012-105]--[@b94-bmi-7-2012-105]                                                                     I
  CTGF                   Potent pro-fibrogenic factor                            [@b101-bmi-7-2012-105],[@b103-bmi-7-2012-105]                                                                    I
  PDGF                   Growth factor stimulates proliferation of HSC           [@b98-bmi-7-2012-105],[@b99-bmi-7-2012-105]                                                                      I
  TNF-α                  Inflammatory cytokine involved in fibrogenesis          [@b95-bmi-7-2012-105],[@b96-bmi-7-2012-105]                                                                      I
  IL-4,6,8,18            Inflammatory cytokine involved in fibrogenesis          [@b95-bmi-7-2012-105],[@b96-bmi-7-2012-105]                                                                      I
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